(19) Patent Office of Japan (JP) 
(11) Publication of Unexamined Patent Application: 

No. 38371-1982 

5 (12) PUBLICATION OF UNEXAMINED PATENT APPLICATION (A) 

(51) Int. CI. 3 Identification Intraoff ice Reference No . 
C 04 B 35/14 symbol 6375-4G 

35/18 6375-4G 
10 Number of inventions - 1 

Examination requested - Yes 

(54) Cordierite ceramic composition 

(21) Patent Application No.: 112846/1980 
15 (22) Date of Application: August 16 , 1980 

(72) Inventor: Shiro Sano 

No. 60 , Sanchome, Kurokawahondori, Kita-ku, Nagoya-shi 
(71) Applicant for Patent: Director of Agency of Industrial 
Technology 

20 (74) Designated Representative: Head of Nagoya Industrial 
Technical Experiment Station, Agency of Industrial Technology 

SPECIFICATION 

1. Title of the Invention: 

25 Cordierite ceramic composition 

2. Scope of Claim for Patent: 

A cordierite ceramic composition formed by adding 001 
- 10 parts of one species or two species selected from among 
substances destined to form lanthanum oxide and cerium oxide 
30 by being fired to 100 parts of a base component composed of 
5-17 weight % of MgO, 30 - 53 weight % of A1 2 0 3 , and 43 - 
60 weight % of Si0 2 . 
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3. Detailed Description of the Invention: 

This invention relates to a cordierite ceramic 
composition which easily fires and manifests low thermal 
expansion. 

5 Generally, the cordierite (2MgO -2A1 2 *3Si0 2 ) shows very 

low thermal expansion over a wide temperature range and 
possesses an outstanding ability to resist the thermal shock 
arising from exposure to a sudden temperature change. The 
cordierite quality ceramics, therefore, have been widely 

10 applied to such heat-resisting appliances as kettles and 
stoves and utensils serving to resist thermal shock as well 
as honeycomb structures for heat exchangers. 

This invention, by causing an cordierite composition 
formed of MgO, Al 2 0 3 , and Si0 2 to contain therein lanthanum 

15 oxide , cerium oxide , or a combination , is enabled to facilitate 
firing of itself and lower the thermal expansion coefficient 
thereof further. 

Specifically, the cordierite quality ceramics of this 
invention is formed by preparing a base component composed 

20 of 5 - 17 % of MgO, 30 - 53 % of Al 2 0 3 , and 43 - 60 % of Si0 2 
respectively by weight and causing 100 parts of the base 
component to contain therein 0.01 - 10 parts of lanthanum 
oxide, cerium oxide, or a combination thereof. 

The cordierite is obtained by firing a compound having 

25 a chemical composition approximate closely thereto in a batch 
mixer. It nevertheless is not easily sintered. It is 
reported in the literature that the production of a cordierite 
ceramics of fine quality which is dense in texture and devoid 
of ability to absorb water requires the range of a firing 

30 temperature to be kept within a narrow span of about 20°C. 
The retention of the range of the firing temperature within 
such a narrow span, however, is at a disadvantage in not quite 
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practicable. The disadvantage mentioned above, therefore, 
is eliminated by adding alumina, zirconia compound, or 
aluminum titanate, for example, in advance to the compound 
prepared for the production of the cordierite. While the 
5 method of this type has the advantage of allowing the ceramic 
to be obtained at a low temperature, it is at a disadvantage 
in suffering the thermal expansion coefficient of the produced 
ceramics to exceed the magnitude proper for the cordierite. 
Generally , a lithium type additive is used for the purpose 

10 of enabling the ceramics to acquire a thermal expansion 
coefficient smaller that the magnitude proper for the 
cordierite. Since this additive is alkaline in nature and 
consequently deficient in heat resistance, it inevitably 
suffers the electric insulating property thereof to be 

15 degraded at an elevated temperature. 

This invention, by adding the oxides of lanthanum and 
cerium, i.e. the elements which are currently least expensive 
in all the rare earth elements, either singly or in the form 
of a combination of two or more members to the cordierite 

20 composition, makes it possible to obtain easily a cordierite 
quality ceramics which sinters easily, avoids increasing the 
thermal expansion coefficient, possesses an ability to resist 
fire, and induces no degradaation of the electric insulation 
at an elevated temperature. Thus, this invention permits 

25 production of a cordierite quality ceramics possessed of an 
expected quality. 

The cordierite quality ceramics is frequently used at 
present as modified to the composition of a mullite quality 
cordierite with a view to overcoming the drawback of inherently 

30 restricting the range of sintering temperature. As regards 
2MgO -2A1 2 0 3 -5Si0 2 which is the theoretical composition of 
cordierite, 2MgO -3Al 2 0 3 -8Si0 2 , 2MgO '5.7A1 2 0 3 -9 .6Si0 2 , 2MgO • 
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4.3A1 2 0 3 -7.2Si0 2 , and 2MgO -2.9A1 2 0 3 -6Si0 2 are concrete 
examples of the modification. While they improve the heat 
resistance and exalt the mechanical strength, they induce 
the firing temperature to rise and render the control thereof 
5 difficult • 

This invention has the effect of enabling the formulated 
composition to sinter easily, preventing the thermal 
expansion coefficient from increasing, and decreasing the 
expansion coefficient copiously. 

10 Lanthanum and cerium are commercially available as 

metals, carbonates, chlorides, nitrates, oxalates, 
bastnaesite type cerium abradants, cellulose chloride type 
cerium abradants, and bastnaesites (Co, La)(C0 2 ) besides 
oxides . They were invariably converted by firing into oxides 

15 and could be used similarly. Since chlorides are soluble in 
water, their formulations require use of ethanol, for example . 

Now, this invention will be described below with 
reference to working examples thereof. 
Example 1 

20 Raw materials of varying chemical compositions shown 

in Table 1 were prepared. They were mixed so as to form the 
composition of cordierite (2MgO *2Al 2 0 3 '5Si0 2 ) . In this 
example, a cordierite type composition was obtained by mixing 
64 parts of Korean kaolin, 10 parts of Motoyamakibushi clay, 

25 12 parts of talc, and 15 parts of basic magnesium carbonate. 
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A compound, 2MgO -3Al 2 0 3 'Si0 2 , composed of 69.3% of Kongo 
kaolin, 10.8% of Kaerume clay, 13.0% of talc, and 6.9% of 
Mg(OH) 2 and a compound, 2MgO -SAl^VSiOz , composed of 40.4% 
of Kongo kaolin, 40.4% of Kaerume clay, 5.7% of talc, 5.7% 
5 of Mg(OH) 2 / and 7.8% of A1 2 0 3 -3H 2 0 were formulated. 

These compounds were fired in an electric furnace of 
a Sic quality exothermic element at 1300°C for one hour to 
synthesize cordierites, pulverized to not more than about 
20 meshes with a mechanical mortar, and wet attrited in a 
10 hot mill for 24 hours to obtain master samples. 

Neat compounds obtained by directly drying the compounds 
mentioned above were used were used as master samples. 

La 2 0 3 (having an assay of 99.98%) was used as lanthanum 
oxide and Ce0 2 (having an assay of 9 9.9%) as cerium oxide. 
15 Cordierite quality ceramic compositions were obtained 

by adding these oxides in amounts of 0.01 - 10 arts each to 
100 parts of the base component, mixing and attriting them 
in a hot mill for 24 hours. In the case of neat compounds, 
the weights of such compounds reduced to a state free from 
20 loss of weight by firing were taken as 100 parts. 

These powders were each compressed under 750 kg/cm 2 to 
form a disc measuring 28 mm in diameter and about 3 mm in 
thickness. The produced discs were placed in an electric 
furnace of a SiC quality exothermic substance and fired to 
25 a prescribed temperature for one hour. The results are shown 
in Table 2 . 
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Then, the results of the addition of Ca0 2 to a synthetic 
substrate are shown in Table 3. 

The conditions for results of the addition of Ce0 2 to 
synthetic substrates are shown in Table 3. (The conditions 
for this addition are the same as those in Table 2.). 
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Example 2 

A base obtained by adding a synthetic mullite ( consisting 
of 26.05% of Si0 2 , 71.06% of A1 2 0 3 , 0.72% of Fe 2 0 3 , 0.333333% 
5 of CaO, 0.13% of MgO, 0.19% of K 2 0, and 0.45% of Na 2 0 and 
manifesting fire resistance, SK, 38 , and thermal expansion 
coefficient of 0.455% at temperatures in the range of room 
temperature -1600°C) to the synthetic cordierite, 3MgO '2Al 2 0 3 
•5Si0 2 obtained in Example 1 was tested in the same manner 
10 as in Example 1. The results are shown in Table 5. 
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Example 3 

Cerium carbonate (a product: of Shin-etsu Chemical 
Industry Co., Ltd. Having an assay of 99.9%) and bastnaesite 
5 (yielded in California, containing about 50% of Ce0 2 , and 
showing discernible lines of Ce0 2 and CeLa 2 0 3 F 2 in X-ray 
dispersion) were selected as cerium sources and each added 
similarly in an amount of 0.1 part to 100 parts of the mullite 
quality cordierite synthesized from the formula of 2MgO • 

10 3A1 2 0 3 -8Si0 2 in Example 1. The produced blends were tested 
to determine the ranges of firing temperature and the thermal 
expansion coefficients (room temperature - 96 0°C) . The 
results were respectively 1280 -1370°C and 1.9 X 10" 6 in the 
case of cerium carbonate and 1260 -1320°C and 1.8 X 10~ 6 in 

15 the case of bastnaesite as compared with the data of 1420°C 
± 5°C and 2 . 1 X 10" 5 obtained in the case of a control (omitting 
the use of the additives). 
Example 4 

Cordierite ceramic compositions of varying formulas were 
20 prepared by following the procedure of Example 1 with necessary 
modifications to obtain samples for firing. The results are 
shown in Table 6 . 
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Example 5 

The base components having a MgO content, a Al 2 0 3 content, 
and a Si0 2 content deviate from the respective ranges, 5 - 
5 17 weight % 30 - 53 weight %, and 43 - 60 weight %, designated 
in the Scope of Claim for Patent copiously contained minerals 
other than the cordierite and mullite minerals and could not 
be expected to attain stabilization in the property of heat 
resistance and the thermal expansion. 

10 The base components containing lanthanum and cerium in 

an amount of not more than 0.01 part or in an amount of not 
less than 10 parts respectively as reduced to oxide were not 
found substantially to enlarge the scope of firing temperature 
or improve the property of thermal expansion. Typical 

15 compositions demonstrating this fact are shown in Table 7 . 
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Example 6 



A sample obtained by adding 1.5 weight parts of La 2 0 3 
5 and 0.30 weight part of Ce 2 (C0 2 ) 3 *5H 2 0 to a mullite quality 
cordierite neat base, 2MgO -3Al 2 7Si0 2 showed a range of firing 
temperature of 1280 - 1370°C / a thermal expansion coefficient 
of 3.8 X 10" 6 (room temperature - 960°C) / and a Tc number of 
710°C. 

10 

Applicant for patent: Keiichi Ishizaka, Director of Agency 
of Industrial Technology 

15 Designated represenative : Inugai , Head of Nagoya Industrial 
Technical Experiment Station, Agency of Industrial Technology 
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